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Previews
NRP1 activity elicited by VEGF binding is largely respon-Semaphorins Guide
sible for early embryonic blood vessel formation andPerPlexeD Endothelial Cells that Sema3/NRP1 signaling is mainly required later for
the correct architecture of the large cardiac vessels.
An instructive illustration that secreted Sema3 pro-
teins can control vascular morphogenesis by modulat-
Abrogation of the endothelial cell-specific semaphorin ing integrin activity was presented by Serini and col-
receptor PlexinD1 in zebrafish and mouse reveals leagues (2003). Five out of the six known class 3
semaphorin functions selectively affecting the cardio- semaphorins as well as their receptors plexin A1, A2,
vascular system. Neuropilins team up with PlexinD1 and A3 are expressed by EC in vitro, and at least Sema3A
to form a novel endothelial receptor complex for class is expressed in activated EC in various in vivo angiogen-
3 semaphorins. esis assays. Thus, SEMA3 chemorepellents acting via
NRP/plexinA receptor complexes seem to perform an
autocrine-permissive function in vascular remodeling byWith the identification of molecular components instru-
inhibition of integrin-mediated adhesion of ECs to extra-mental for the alignment of blood vessels and peripheral
cellular matrix, thereby facilitating the de-adhesion re-nerves well known to anatomists, recent research has
quired for migratory activity.refocused on the patterning similarities and interdepen-
PlexinD1 was first described as a candidate gene fordence of the nervous and vascular systems. In the wake
Mo¨bius syndrome, a rare congenital disease character-of this renewed interest, it has been recognized that
ized by paralysis of specific cranial nerves (Van derprotein families studied for their effects on neural cells
Zwaag et al., 2002). While mouse PlexinD1 expressionhave unexpected roles in vascular cells as well. Along
is endothelial cell-specific until midgestation, it is down-with chemorepellents of the slit family, ephrins have
regulated during later embryonic stages, when PlexinD1taken center stage in vessel patterning during the last
expression becomes detectable in distinct regions of5 years (Kullander and Klein, 2002).
the central nervous system as well.The semaphorin family with 19 vertebrate members
In this issue of Developmental Cell, Gitler et al. (2004)was initially analyzed in the context of growth cone col-
now report the cardiovascular phenotype of PlexinD1-lapse and axonal guidance only (Fujisawa, 2004). Neu-
deficient mice and Torres-Vazquez et al. (2004) demon-ropilin-1 and -2 (NRP1 and NRP2) have originally been
strate an essential role of PlexinD1 in zebrafish vascularidentified as cell surface proteins and essential compo-
development. PlexinD1 null mice are born at almostnents of semaphorin receptor complexes present on
Mendelian frequency but invariably die within 24 hr fromneural cells. To initiate the biological responses to sema-
cardiovascular defects in the outflow tract of the heartphorins, NRPs have to associate with transmembrane
and in derivatives of the aortic arch arteries. These in-proteins of the plexin family, of which there are at least
clude persistent truncus arteriosus, enlarged and thin-nine members in vertebrates, grouped into four sub-
walled atria, ectopic origin of coronary vessels, and in-groups (Tamagnone et al., 1999). Potential roles of sem-
creased vascularity of the ventricular surface. Theseaphorins in vascular morphogenesis began to be stud-
alterations are already apparent at E10.5, when the 4thied once it had been discovered that neuropilins are
and 6th aortic arch arteries are much reduced in sizealso receptors for VEGF165. Neuropilins have been
and SMA-positive smooth muscle cells fail to ensheathknown for some time to be expressed on endothelial
these arteries. In both the fish and the mouse, aberrantlycells (EC) also, and to serve as receptors for the heparin
patterned intersomitic blood vessels are no longer con-binding isoforms of several members of the VEGF family
fined to the spaces between the somites. The strikingof proteins that are regulators of vasculogenesis, angio-
similarity in cardiac phenotypes of PlexinD1 and sema3Cgenesis, and vascular remodeling. NRP1 and NRP2 bind
knockout mice can be explained in part by the factto distinct but overlapping sets of VEGFs. The biological
that PlexinD1 can enhance binding of sema3C to NRP1.effects of VEGFs, however, depend on the tyrosine ki-
Interestingly, PlexinD1 also improves binding of sema3Cnase receptors VEGFR1/Flt-1, VEGFR2/Flk-1/KDR, and
to NRP2, indicating that PlexinD1 can heterodimerizeVEGFR3/Flt-4, the activity of which can be enhanced by
with both neuropilins to bind secreted SEMA3 proteins.coopting neuropilins.
In zebrafish, PlexinD1 morpholino knock-down exper-NRP1 null mice die between E11 and E14 with cardio-
iments resulted in vascular phenotypes that are virtuallyvascular and neuronal defects, while many NRP2-defi-
identical to those of two alleles of the out of boundscient mice survive to adulthood showing a severe reduc-
(obd) gene (Childs et al., 2002), that are now shown totion of small lymphatic vessels and capillaries and
be functional null mutations of PlexinD1.nervous system defects that are distinct from those in
The findings in both fish and mouse clearly establishNRP1 null embryos. The essential nature of the neuropi-
that embryonic vessel pathfinding and patterning is atlins in vascular development is highlighted by the early
least in part governed by semaphorin interaction withembryonic lethality (around E8) of NRP1/NRP2 double
distinct complexes of NRPs with endothelial PlexinD1mutant embryos, which is due to severe defects in both
and is primarily independent of VEGF. Instead, VEGFembryonic and placental blood vessels. In state-of-the-
art experiments, Gu and colleagues (2003) showed that appears to be required for directional EC migration.
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Both models of PlexinD1 function reveal some intri- both nerves and vessels are spatially aligned, molecu-
guing aspects. Even though vascular patterning is se- lar interactions within diffusion distances between
verely disturbed, the mutants develop surprisingly far. them are possible and should be investigated. All in all,
In the mouse, the defects in the large coronary vessels the discovery of an essential role for the endothelial
and in heart structure are what causes perinatal death. PlexinD1 has revealed new avenues for investigation
In the fish, defects in the trunk are largely restricted to into an already quite intricate web of factors involved
the ventral somite areas. Can the loss of PlexinD1 func- in the spatial organization of vascular and conversely
tion be compensated by other semaphorin/neuropilin/ also neural networks.
plexin complexes in the dorsal region? Importantly, as
indicated above, vascular expression of NRP2 is pre-
dominantly confined to lymphatic endothelium at E13 Urban Deutsch
already, while NRP1 continues to be expressed in blood Theodor-Kocher-Institute
vascular endothelium. It can therefore be expected that University of Berne
double mutants lacking both PlxnD1 and NRP1 will ex- Freiestrasse 1
hibit a phenotype different from that of PlxnD1/NRP2 3012 Berne
double deficient embryos. This can also be inferred from Switzerland
the finding that sema3C but not sema3A can bind to
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mouse PlexinD1 mutant, it will also be interesting to al. (1999). Cell 99, 71–80.
elucidate its role in congenital heart disease and other Torres-Vazquez, J., Gitler, A.D., Fraser, S.D., Berk, J.A., Pham, V.N.,
clinical settings. Fishman, M.C., Childs, S., Epstein, J.A., and Weinstein, B.M. (2004).
This work thus reinforces the question of whether Dev. Cell 7, this issue, 117–123.
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thought to be solely effectors of apoptosis. However, aMore Than Cell Death:
number of reports have implicated these enzymes inCaspases and Caspase Inhibitors other separate processes including differentiation (New-
on the Move ton and Strasser, 2003; Okuyama et al., 2004, and refer-
ences therein). A paper in the July 9 issue of Cell now
uncovers a connection between a caspase inhibitor, the
Drosophila DIAP1 protein, and control of cell migration.
Using an elegant genetic approach, aimed at identi-It is becoming clear that “apoptotic” caspases can
effect cellular processes other than cell death. A re- fying second site loci that revert the phenotype caused
cent paper in Cell points to a novel role of the Drosoph- by loss of Rac1 function in ovary cell border migration,
ila caspase inhibitor DIAP1 as a determinant of cell mi- Geisbrecht and Montell (2004) show that lack of Rac1
gration. function can be compensated, besides by an increase
in G-actin production, by overexpression of DIAP1, an
endogenous caspase inhibitor. DIAP1 is a member ofIt’s an emerging theme that proteins with well-estab-
an evolutionary conserved family of proteins that containlished biochemical functions fulfill additional, surprising
BIR (caspase and IAP antagonist interacting) domains.roles in other contexts. An important example is
Interestingly, the function of BIR domain containing pro--catenin, first identified as a major component of ad-
teins in yeast and C. elegans was already previouslyherens junctions, but subsequently found to be of key
connected with control of cytokinesis and the cytoskele-importance in Wnt-induced transcription. Similarly, sev-
ton. Various Diap-1 (thread) mutants have been pre-eral cell cycle-regulatory proteins appear to play
viously characterized, which map either in the BIR orbroader cell cycle-independent functions during devel-
opment and differentiation. Caspases until recently were RING finger domains of the protein and show reduced,
